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METHOD AND APPARATUS FOR MEASURING OUTRIDE DIMENSIONS 
AND THE CENTER OF GRAVITY OF A PACKAGE 



Technical Field 

The present invention relates in general to packaging, package handling, automation 
and robotics, and particularly relates to a method and apparatus for measuring parameters 
of a parallelepiped object such as the object's length, width, height, and center of gravity. 

Background of the Invention 

In the field of random-size rectangular package handling and transportation, it is 
often desired to provide "pallets" of such packages in a stacked condition. In order to 
assist in the stackmg of the packages in a stable manner, it is advantageous to measure aU 
outside dimensions and to approximate the center of gravity of a particular package. This 
information can be used to ensure that the package is not stacked in an unsafe position, or 
in exceptional cases, is not stacked at all. 

In the prior art it is known approximate the center of gravity of a parUcular item. 
For example, Soviet Union reference no. 615373 shows an article 4 laid on a platform 2 
resting on dmms 3 over load cells 5 to measure the center of gravity. International Patent 
No. WO/06720 describes the location of a gravity center by tilting the container while on a 
stationary base. 

U.S. Patent No. 5,301,544 to Smith discloses a method and apparatus for 
approximating the center of gravity of a package placed upon a conveyor. However, the 
package must be decelerated and stopped. 

U.S. Pat. No. 5,340,950 to Brandorft discloses a method and apparatus for 
weighing an object in which the object is moved to. and tipped over, a tip point. Although 
this process measures the weight of a package, it does not disclose the movement of the 
approximate locadon of the package's center of gravity. 
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Although the above-described prior art includes many advanta.es di«H 
exist For example the 5mirfc,.^t»«t . ""^ »°vantages, disadvantages do 

•^I'lc, me dmzr/i patent requires that the oack-aaf. Ko i 

allows tte package to be weighed "on the fly bu, i, .J^' ^^"-^-fiP^' 
P«^.weigh.is*.e™i„e,,Litscerjt of^:" '° """"^ 

gmityofapackagewiUtout^J^ Wroxhnates the center of 

etherise dlgjg rp^^ " ""-^^ "^^^^^ "Pening o. 

Summary of the Invention 

gravity center of a Dackapewith^uct . '*i'P™«maies the location of the 

I a package without stoppmg or decelerating the packa-e 

a pacl^e takes ' """'^ » 

Generahy described, the present torenUon also relates to the use of =1,, k 
conveyor in combination witi, rij "> tne "s= of a hemngbone 

P-kage-s center o^Z^ " '° "^-^ ^P-'^ ordinate o, a 

package"" P-ent invention provides a solnUon for locating the center o, gravity of a 

The present invention also orovides a ^olntmn fts. 
package while on a conveyor. '"""""^ °f ^^^^^ ^ °f « 

"^^^P'^sent invention also provides a solution for locatine the center • , 
package while on a moving conveyer ^ °^ ^"'"^ °^ ^ 

-^.o:::~r~r"°"— -"•-■'-^ 

Other solutions provided by the present invention will become .nn» 
reading the following rf<.fa;uH a • • oecome apparent upon 

w^-niaconir::r:;ii~r"°'-^-- 
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Brief Description of the Drawings 

Figs. lA and IB are top and side elevational views, respectively, of an apparatus 
10 according to the present invention including a tilt conveyor portion 19 and a measuring 
station 18. ^ 

Fig. 2 is a side illustrative view of a method and apparatus according to the present 
mvention. which illustrates a package P passing along a conveyor, which includes three 
supporting surfaces SI, S2, and S3, two "peaks" or crests CI and C2 and a shaft encoder 
SE. 

Fig. 3 is an illustrative view of package reaching a first "peak" on the tilting 

conveyor. 

Fig. 4 is an illustrative view of a package reaching two different "crests" on the 
tilting conveyor. 

Figs. 5A-5D are sequential illustrative views of a package in sequential Case "I" 
and Case "H" modes. >■ 

Fig. 6 is an illustrative view of the manner in which an overhead sensor 22 
detnmines package height H. 

Fig. 7 is an Ulustrative view of the manner in which side sensors 21. 23 are used to 
determine package width W. and a herringbone conveyor is used to align the center of 
gravity of the package on the herringbone conveyor's center plane CP. 

Fig. 8 is an illustrative view of dimensions used in association with a package. It 
should be noted that Fig. 8 is Fig. 4. position H. but it is rotated 180 degrees around tiie 
OZ axis. 

Fig. 9 is an illustrative view of a package tilting from a first supporting surface at an 
angle (p from horizontal to a second supporting surface at an angle y/ relative to tiie first 
supporting surface. 

Fig. 10 is an illustrative view illustrating a package passing from a first supporting 
surface (package shown in solid line) to a second supporting surface (package shown in 
dotted line), in tiie particular case where die second surfece is horizontal. 

Fig. 1 1 is an illustrative view illustrating a package in tiie midst of tilting from 
contact witii a fust supporting surface to contact witii a second supporting surface. 

Fig. 12 is an iUustrative view illustrating matiiematical principles. As may be seen, 
lo is tiie moment of inertia of a body around its own center of gravity (having coortiinates 
X', y) and I is tiie moment of inertia of a body around a point different from its center of 
gravity CG having coordinates (x.y). 

Fig. 13 is a diagram illustrating signal flow patiis intermediate several elements 
according to the present invention. 
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Detailed Description of the Preferred Embodiment 

Reference is now made to tlie drawinac in whJ^t, i i, 
elements th«x>ughout the several views. """"^^ ^'^^''^ 

General Operation 

suppor. surface S. tei. Jr^ot Ho^rrXr^" ^''"'"^ ^ 
nltmomd sensors 21 22 k r , V 

~g a^h" a^LTlt - "2. and U3,™u,.ed .o a 

coaveyor ,9 Fte I ^^T^ ""-""O "='='Uve to U,e Ul, 

pp.ssi.Trra"::::c~;r 

S2. and S3 The cenr^r , , I '"'"'^ ^""^"^S SI. 
understood J^Xfptr Tr""*' ' ""'^'^ - CO. As may be 

vertical plane P wMch " " passes through 

.i..insisc„:;ie« ^epl^L^Trr '° '^^^''^^-^^ P-P«'- After t^s 
the package 'm beri^r^iS! III! ^ ™ ^"''"^ 
is also pieudicu^T^o d>e 1 '^'^^ vertical plane P2. „hi.n 

pass Ch tCe CO ^eptCp'^^'d^- T ^'^^ 
assen^fyt^rn^rrjirrr^"*'^'"""^-^^ 

-<^ned.4;ntt:fi::-^^ 

».ras»i«.ou.s,oppingorothcrwisesig,^canUyacce.era.i.go:ae^:^^^^^ 
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More Detailed Discussion - Measuring Arch Assembly 

Reference is again made to Fig. 1 A, which illustrates the herringbone conveyor 12, 
which is substantially horizontal in the preferred embodiment, and includes a center plane 
CP. The herringbone conveyor 12 is such as known in the art, but in summary can include 
a plurality of powered rollers having downstream and outwardly-directed force 
components, such that a package surface contacting the henringbcne conveyor will be urged 
downstream but also outwardly relative to the vertical center plane CP of the herringbone 
conveyor. This center plane CP of the heiringbone conveyor extends longitudinally along 
the herringbone conveyor, and is approximate the dimensional center of the herringbone 
conveyor, although other locations are contemplated under the present invention. 

Referring now also to Fig. IB, a frame member or arch 24 is located at the 
downstream end of the herringbone conveyor 12. Ultrasound sensors 20, 21, and 22 are 
attached to the arch 13. As discussed in detail below, sensor 22 is used to determine the 
height of the package, "H", as the package passes through the arch. Sensors 21 and 23 
face inwardly and at each other. As discussed below, they are used to measure their 
distances to the package's side faces, and in turn the package's width. Sensor 21 is a 
continuous transmitter, and also establishes the length of the package by use with a 
conveyor shaft encoder (not shown) such as known in the art. 

Tilt Conveyor Assembly 

Reference is now made to Fig. IB, which illustrates the tilting conveyor assembly 
19 according to the present invention. As described above, the assembly 19 includes a 
lead-in conveyor portion 13, a "first" conveyor portion 14 defining a first support surface 
SI being inclined from horizontal, a "second" conveyor portion 15 defining a second 
support surface SI being substantially horizontal, a "third" conveyor portion 16 defining a 
third support surface S3 being inclined from horizontal, and a final horizontal conveyor 
portion 17 (See Fig. 1 A only). 

Also included are through beam photosensors 26, 27, (also referenced as PS 1 and 
PS2) and microswiiches 31, 32 (also referenced as MSI and MS2). As may be 
understood, the through beam photosensors 26, 27, are positioned to the side of the tilting 
conveyor assembly 19, and are positioned to provide a signal when a package reaches the 
first and second "crests", respectively, of the tilting conveyor assembly. As may be 
understood, the first crest is substantially linear and elongate, and is at the intersection of 
the first and second supporting surfaces SI and S2. The second crest is similarly located at 
the intersection of the second and third supporting surfaces S2, S3, respectively. In the 
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package flow. 

Methods of Taking Actual Readings 



^ nasll ,„Fig.lB. To measure to pactagsheighl.flK sensor 22 is 

.2s Of to.„.^g^.z;rr;rn;r™r2:t 

h = H-h^ 

s^sor provides a conanuous reading above a certo toeshold wUch <=a„ be ,^ 
deKrmu^ pacicage presence. Tl„ dis«nce traveled by to conveyor while ftis ™^ u 

^r^oX :n ""^"^ ^ - » 

rig. /)or Other means known in the art. 

discsseTr"' P-^aSe wid.1. is 

discussed. As previously discussed with resnect tn K« m , 

herringbone conveyor >2. As teowl ta I^' ' '"""^ « P'^-'-PO-ta 

P-...e„g.b..,andtopae.ge;ce:eX.t:t^^^^^^^ 

path Of tof"™ t*"'' ""^ """^ P"^*^""^ °" of to package 

pathoftohenMgboneconveyor 12. As may be understood by tose skiUed in totn^ 
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Again, referencing Fig. 7, the distance "a" (which as seen later is one spacial 
coordinate of the package's center of gravity) may also be located by executing the 
calculation 



/ 

a = — p. 
2 ^' 



The method of operation and the taking of readings by the tilt conveyor assembly is 
now discussed. Reference is now made to Figs. lA and IB. After all of its geometrical 
dimensions are detennined, the package starts climbing the slope of the first inclined belt 
portion 14. Photosensor 26, located proximate the first crest CI of the conveyor assembly 
19, detects when the package begins exiting the first supporting surface 14. A microswitch 
31 is located just downstream of the first crest CI. The microswitch 31 detects the moment 
when the package touches the surface 14. This is done by using a "split" conveyor 
configuraUon which includes the use of dual, side-by-side conveyor belts providing a 
central longitudinal "split" or gap through which the microswitch trigger may extend. 

A second photosensor 27 is located proximate the second crest C2 of the conveyor, 
such that in one embodiment the photosensor is triggered when the leading edge of the 
package begins exiting the second supporting surface 15. A second microswitch 32 is 
located just downstream of the second crest C, and detects the moment when the package 
touches the surface 15. Again a split conveyor allows for this use. 

Coordinates and Geometric Principles 

As discussed above, and again in reference to Fig. 2, two planes PI, P2, are 
defined which include the center of gravity of the package. By detemiining the location of 
these two planes relative to a package, two of the three coordinates of the CG of the 
package may be determined. 

In order to locate the positions of the two planes, as shown in Fig 2. points B and 
B- are defined as being points on the two respective planes. Point B is a point both on 
plane PI and on the bottom surface of the package (which is supported by the first 
supporting surface SI of the conveyor). Point B' is a point both on plane P2 and on the 
bottom surface of the package (which is supported by the second supporting surface of the 
conveyor). By approximating these two points B and B', and by knowing the dimensions 
of the conveyor, the planes PI and P2 can be located. As previously discussed, by 
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operation. As seen in Fi«' 5A th^ r-.c. t , i ana case U mode of 

J At inis point, the first photosensor (not shown in FUs 5A 5nii.,ri. j 
A..hisp^int.t^seco„aphot^(^,,^„,,. ^ --^^^^^ 

...Uhle, and hesins I rotate c^:^ rti^ r^L~ T f '^"^ 

r^::. - ^^^^^^ -~;c 
With the ,.o„,ed.eo,.he:::^r:;rth^tt(^^^^ 

".o,thehe.rin.h!.e^erai^rs:::.rr~^'^"""'- 
positio^::™ rj:::s:ttrrr' 

5D The timp ot , K- u u- "ocKwise, until they reach the positions shown in Fie 

f also calleH M«! n r>- . » "® nucfoswitch 3 1 

ip:."i^nL^:^:rceTir^^^^^ 

-e.P3,an.then.ros.tchr;:~r.r°Z^^^^ 

^C = (beltvelocity)(tj^Sl-tp2) 
A/> = (beitvelocity)(tj^52-tp3) 

Assuming that no motion is lost between the oackaae anrf tK. 
it may be seen that distance AB is the distancerh ^^"'"^ "^"^'y^'' 

..^.fi..passes....s.<i:i-::r~ 
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Fig. 5B). Distance BC is the additional distance the conveyor travels while the package is 
rotating and up to the time the package trips the microswitch MSI and stops rotating. The 
sum of the distances AB and BC equals distance AC. Under the same logic, it may be seen 
that the sum of the distances AB' and B'D equals distance AD. 
Therefore, since 

AB+BC-ACand 
AB' + B'D = AD 

then 

AB = b = AC-BC and 
AB' = b' = AD-B'D 

where b and bl are the distances from the package's lead edge to the respective planes PI. 
P2 when measured along the package's lower surface. 



Since as discussed above 



and 



AC= (belt velocity)(tj^gj - 1^^ ) 
AD=(beltvelocity)(tj^32-tp3) 

BC= (belt velocity)(t ^^^) and 



B'D = (belt velocity)(t ^^^) 
where tfotl and trotU are rotation times for the I and H case packages, then 

b - (belt velocity)[(fwwl - tp2) - 1 rot /] 
b' = (belt velocity)[(mw2 - tp3) - 1 rot //] 

Therefore it may be seen that the distances b and b' can be approximated by 
approximating the time of rotation of the packages, assuming that the belt velocity and 
sensor times have akeady been calculated as described above. Two different ways of 
approximating the rotation dme are discussed in detail below. 
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defined by uj. Jl ' ^ '"^ "^^^ »f *.ee p,a„« 

From OP =a, the equation of plane MNPQ is: 

x = a 

To find y. it may be understood that 

OH = PP' = b 

a is 100O(assunnngthe angle of the inclined conveyoris IQO). 

As shown in Fig. 8, it may also be seen that Line P' O' U fh. • . 
plane MNPQ with plane HUK, and the CG is locat^' the " °" °' 

Planes. As angle Q' P H equals a , which equll! i^o °' ^° 



the 



where 



equation of line F Q» in plane ZPy is: 
y-b = inz 



ni = tan a 

= -5.67 (where a = 100^) 



such that 



y-b = -5.67 (2) , 



In coordinates XYZ (see Fie R\ P' n* ^ck^ • / 

vacc rig, IS) {2 IS the intersection of: 

x-a = 0 (plane MNPQ) 

y = 5.67(2) . = 0 (plane HUK) 

The equation 

OH' = PP" = b' 
defines plane HTJK' and hne P" O" which k rh. ;«r. 

includes the CG. . nitersecuon with plane MNPQ and also 

In the system of coordinates zPy, the equation of line P" Q" is 
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y = b' 

As a result, the z position of the CG results as an intersection of the two lines F Q' 
and P" Q", as may be expressed by: 

y - b = -5.67 2, or 
y = b' 

By resolving the two above equations, it may be seen that 

b-b' 



5.67 



In the more general case where a is not necessarily lOQO 

b'-b 
Z- . 



m 

In summary, the center of gravity's position in the XYZ coordinates is: 
jc = a 

y = b and 

V-b 

z = 

m 

where m is a constant 

There it may be seen that as the length, width, and height of the package have been 
measured in the previous steps (such as by the measuring arch 18. shown in Fig. IB), by 
using previously described sensors Ul, U2, and U3 (see Fig. 1). then aU possible package 
parameters (length, width, height, weight, and CG location) are known. 

In order to approximate the package rotation times troti and trotH. under one 
embodiment of the invention dynamic motion analysis may be conducted. It will be seen 
that this dynamic motion analysis includes a general analysis of a package passing over a 
crest, particular "Case I" and "Case H" analyses which faU under the general analysis, and 
a simplified analysis, which provides a usable estimation algorithm which is derived by 
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making a few assumptions regarding the package CG location r • . 

aigorith. fro. the simplified analysis, an e'stimaL of Z Z"^- T''^' 

-.ayhemade.w.chano.sforanestin.tionof.ospar:r^^^ 
General Case 

To discuss the general analysis, reference is now made to Fi. 9 which . i 
of the box hdgta, or -M-. " "^"^ "> I" "^f 

ana is denoted^ <;^r°: ^ 

position CG, is conside^ °' ""^ '-^°» ^ 

yR). aad position CXSp lus coordinates (xp, j^,). " 
It may be seen that 



Xji = rsin ^ 

For the rotation segment of the path between positions CGr and CGf (vtfer^n.^ „ 

path "R/F'). it may be seen that R CGp (referenced now as a 

^R/F =vtcos((p-yf) and 
^R/F =wsin(<jo- y/). 

Therefore, again in reference to Fig. 9. it may be seen that 

^F=^I-^^R/F =rsiB\j/+vtcosi<p-y/) and 
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Reference is now made to Fig. 12. Under a tonjue analysis, it is known that 

Wx = IQ 

where W is the package weight, x is the horizontal distance from the W force vector to a 
reference point O. lo is the moment of inertia of the package about the reference point, and 
0 is its angular acceleration about the reference point 

Continuing in reference to Fig. 12, from tables it is known that 

where lo is the moment of inertia of a package about its CG, R is the distance of the CG 
from the origin O, and m is package mass. Therefore, substituting from the equations 
discussed with Fig. 9, it may be seen that the angular acceleration of the package in Fig. 9 
as it rotates about peak "A" may be set forth as 

9=:i5^= iy[rsin y/+ vtcos((p+ yr)] 

^ + m{[rsin y/ + vtcos((p + iff)]^ + [rcos(p+ vtsia((p + 

There are two particular cases which will now be addressed.. Case I is where 

yr-(p, (package tUting from inclined to horizontal) and Case E is where ^ = 0 (package 

tilting from horizontal to inclined). 

Particular Case I 

Reference is now made tb Fig. 10. which illustrates the Case I situation, where the 
package is shown tilting from an initial position Pj (inclined <p to horizontal, shown in 
solid line) to a horizontal, fmal position Pp (shown in dotted line). 

As in the general case discussed previously, movement of the center of gravity of 
the package shown in Fig. 10 may be thought of as a combination of two different 
movements, a movement from the center of gravity initial position CGj through rotation to 
position CGr. and then through pure translation to fmal position CGp. As may be seen by 



BNSOOCIO: <WO_9641 126A1 J_> 



wo 96/41126 

PCT/US96/09112 



x = rsin<p+vt 

and 

3'=rcos^. 
From tables, it is known that 



and 



It is also known that 



Substeing tee ™i„es too u.e u^pe equadon. i, ™y be seen tot 

^ = i!^ = _ w(rsin^+ w) 

^ + m[(rsin ^ + vt)^ + (rcos 

Making an assumption that 

h 

we know that 

h/2 

cos (p = 

r 

and 

h 



r = 



2 cos 9 
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and so 



and 



15 



(p. 



m 



--tan^)+wj + — 
I -tan^+ urj 



If we let 



and 



then 



Z> =— tanco 
2 



^2 ,N 



g{D+vt) 
C + {D+vtf 



This can be derived once to 



If we let 
then 

and 
and 



^=f SiD-^Vt) ^ r_gu_du 



'D+vt = u 

V 

vdt = du 
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Substituting back, it may be seen that 



Since g (gravity) is assumed to be 



constant, 



and 

. 2v V / 1 

Therefore, 



For f = 0, we know that 0 = 0, therefore, 



Then 



Integrating, 



Ci=-^ln(VC + D2) 



From tables, it is known that 
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a 

Therefore, 

^ " ^ {^^ ^ ^[(^ + - 2(i> + vr) + 2 VC arctan 

+ C,(iD + vf) + C2 
For r = 0 , we know that angular velocity © = 0 , so 



^ 2v 



Z)ln(£)2 +C)-2D+2VC arctan-^ 



C,£> 



Casell 

Case n (See Hg. 5) is the situation where the package is tUting from a horizontal to 
a downwardly inclined surface, such as when the package tUts about point C in Fig. 1. As 
may be seen, calculations such as shown in reference to Case I are applicable. 

For control engineering simpUfication purposes, the micioswitch MS2 (#32 in Fig. 
IB) can protrude upwardly relative to the second inclined conveyor supporting surface, 
such that the microswitch's contact wiU be closed at the point the package has tUted to a 
desired angle, which could be the same angle as in the Case L 

Simplified Analysis 

Reference is now made to Fig. 1 1. in order to discuss a simpler version of analysis 
compared to that taken with respect to Cases I and H. Under this analysis. 

Wx = IQ, 

Where x is the horizontal component of the CG's distance from the horizontal plane 
including crest "O" . I is inertia about O, w is weight, and 0 is angular acceleration (this 
corresponds to the (p discussed before). 

For a small G, it can be assumed that 

x = vt. 
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Where vis belt velocity, and t is the time from when the n,ri., k • • 
package completes its tUt. ^^^^^ ^^"^ ^° ^hen the 



Assuming all the mass is at the CG. from tables we know 



So, again assuming that 



then 



h 



Solving for 0, 



so 



0 = - 



Wvt 



m 



0 = 



Wvt 



L+m\ 



If we allow 



and 



Wv 



(IJ 



5 = 



mv 
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0 = 



At 



and 



then 



Deriving once, 



If we then let 

and let 

then 

and 

and 



B 



0 = 



Ct 



judv = uv- jvdu 



ct = u 

du=Cdt 

dt 



dv = 



From tables, this is equal to 



4d 



tan 



-1 



+ C' 
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Therefore, 
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C' = Oforr = 0 



{ 



-I / -Tn ( .2^ 



4d 2 

Forf = 0, e = 0.soC,=0,and 



1 + 



Therefore, 



Integrating once, 

If we then let 
then 

If we then let 
then 



1 



© = f Jln(l + af^)tff 



= lea dt 



BNSDCWD: <WO_9e«11seA1.L> 



wo 96/41126 



PCTAJS96/09112 



and 
Then, 

If we then let 
and 

then 

and 
So, 

If we then let 
and 
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2at 



Injf = M 



—dx = du 

X 



v = (;c-l)''2. 

0~[u-irin.-j(.-iy'2i^J 



2 



dx^lydy 

then 

From tables, this equals: 

/ 2 1 ' 

^ ^ sec|y| 

Then, 

ir )nx-[{x- \r - cos-v/I + q ]} 
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_C^fD^ r- \ I o^ -. , - 

J- 1 V« 4ln(l + ) - 1] + cos VlW + q 1 

Since we know that at r = 0, 0 = 0, andC2=0, and since 



then 



1 

fl = — 
D 



0 = 




-1 




onenlalion at tiiMt being s« forth as mangle G. 



2 




■cosJl + — 
V D 



Where 



and 



V 

'^''^"'^"^^°°^'^^^'^*>yacomputertoprocessinfonnationav 
i. V. and g a. known by the n>eas« technique described abce. n«rei;te ^.^^ 
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t can be approximated, which is the estimated time it takes the package to contact the second 
supporting surface once its center of gravity passes the plane of the associated crest. This 
value may be equated to the trofl and trotO values previously discussed. Once t is known 
the distances AB and AB' of Figs 5A-5D can be determined by substituting t for both troti 
and trotn. which in effect provide the missing informaUon needed to locate two spacial 
coordinates of the CG. 

Exanq>le 

As example of a package actually being measured by the method and apparatus 
according to the present invention is now provided. 

For purposes of example only, the distance between ultrasonic side sensors 21 and 
23 will be assumed to be 36 inches, and it will also be assumed that the center plane CP of 
the herringbone conveyor is centered between the sensors 21 and 23. The height of the top 
ultrasound sensor 22 above the belt wiU be assumed to be 30 inches. 

To determine the height h of the package, a reading from the top ultrasound sensor 
22 is taken. By way of example, if the reading from the sensor 22 is 10 inches, as 
explained caxiier in reference to Fig. 6 the height of the package will be calculated as 

Height = (H-hi) = (30)-(10) = 20 inches 

To determine die box width, readings from the ultrasonic side sensore 21, 23, are 
taken. As discussed in reference to Fig. 7, if the readings from the side sensors 21 and 23 
are 2 and 3 inches, respectively, the width w of the box is calculated by the previously- 
discussed formula: 

W = Z-(/7,+P2) 

w = 36-(2 + 3) = 31 

To determine the length of the package, two signals from the sensor 21 are 
evaluated, assummg that belt velocity is constant. These two signals are time-based, that is 
the first signal indicates the time the package is first sensed by the sensor 21, and the 
second signal indicates the time the sensor last sensed the package. The differences 
between these times are multipUed by belt speed to provide package length C. If the time 
difference is 2.33 seconds, and belt speed is again 12 inches per second, the resulting 
length will be 
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Length = (time difference) (belt speed) 
= (2.33 sec) (12 in/sec.) 
= 28 inches 



To detenmne one spacial coordinate "a" (see Fie 7^ of th. ^ . ^ 
following calculation can likewise be marf. ft« u ^^"^^^^^ ' 

an lilcew^e be made from known infonnation under the calculation- 



2 Pi = finches 



V 12 



B = l*l±ll^4(20f +(28)^ 
'2>'' 12(12? 



positions sho»a to Fig. 5B to the position, sh^Tpi. 5n f " 

assumed that the value AD (see Ra -> « -77 o • u PacJcage. If it is 

e isee Mg. 5A) is 27.9 mches. then under the calculation 



27.8-27.9 
m -5.67 ' 
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the third spacial coordinate is located, which under this calculation is the value of 0.017 
inches. 

Referring now to Fig. 13, a processor computer 100 such as known in the art is 
used to accept the above-referenced signals from the sensors, and provides output signals 
readable by an operator or a computer which corresponds to the package's three outside 
dimensions and three spacial coordinates of its CG. 

Alternatives 

It should be understood that the measuring aich and tilting conveyors may both be 
portable for auditing purposes, because they do not require their own power source but can 
obtain "borrowed" power from, for example, an existing powered belt conveyor upstream 
or downstream. 

It should be understood that the "centcsrline" of said heiiingbone conveyor is 
defined as the centrally-located line from which the conveyor diverges; however, the term 
"centerline" does not necessarily imply that the centerline is specially located at the 
longitudinal middle of the herringbone conveyor. It should also be understood that the 
"measuring site" at which the measuring arch takes its width measurements could be at the 
end of the herringbone conveyor, as shown, but the width measurements could be made 
even further downstream (assuming the package has beaj suitably sidewardly aligned by 
the herringbone conveyor at the time of measurement). 

It should also be understood that the present mvendon also contemplates the use of 
sensor to approximate the time at which a package begins to tilt due to instability atop a 
particular crest. This alternate embodiment contemplates the location of a sensor which 
recognizes when a gap (such as "G" in Fig. 5C) is present between the package lower 
surface and the supporting surface the package is tiding away from. Such a gap may be 
sensed by use of a continuous emitter such as a photocell having a path just upstream of tiie 
relevant crest and just above tiie surface just upstream of tiie crest. It may be understood 
tiiat the system shown in Fig. IB could be re calibrated to allow the photosensors 26, 27, 
to be positioned "in tiie gaps" instead of at the crest points as shown, to allow the 
photosensors 26, 27 to provide dual functions of recognizing the leading edge of the 
packages and also to recognize when the packages leave the supporting surface upstream of 
die relevant crest Alternately, a microswitch and a split belt conveyor could be used to 
recognize when the package is leaving the split conveyor. 

It may be understood diat if a "gap recognition" approach as discussed immediately 
above is used, die points B" and B' as shown in Fig. 5B would be approximated by die 
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seas-g process, msicad of t«i.j approxi^ted by fl,e «d««ion algorito discussed 

above. Therefore it may be seen that there are at least t»o diff,™ 

the tiiB (and travel distance) it takes the S u appn.)timae 

fton. the posiUons sJ^t^^^^T-: T 

^ ^ n-odeUng, and one bei^ d„:;~lC " * 



Conclusion 



While this invention has been describe! in specific detail with reference to fl» 
bee,fectedw,,hn.«,espiri,..dsc„pe<rf««invenUonasdesenVdintheapp»drra^' 
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Claims 



What is claimed is: 



1 . A method for approximating the location of a gravity center point of a 
rectangular package having a lower surface, said method conqwising the steps of: 

transferring said package across a conveyor having two nonparallel supporting 
surfaces meetmg at an upwardly-directed raest; 

approximating the instant at which said package becomes unstable and begins tUting 
away from contact with said first surface towards said second surface; and 

approximating the location of said gravity center by use of said instant 
approximation. 

2 . The method as claimed in Claim 1 , wherein said instant is approximated by 
estimating the time the package would take to rotate from said unstable position to a 
position contacting said second supporting surface. 

3 . The method as claimed in Claim 1 , wherein said instant is approximated by 
sensing the departure of said package from said first supporting surface. 

4. An apparatus for approximating tiie tiiree dimensional coordinates of the 
center of gravity of a package, comprising; 

a herringbone conveyor for approximating one dimensional coordinate; 

a first pair of conveyors for approximating a second dimensional coordmate of said 
center of gravity by tilting said package between said first conveyor pair, and 

a second pair of conveyors for approximating a second dimensional coordinate of 
said crater of gravity by tilting said package between said second conveyor pair. 

5. The apparatus as claimed in Claim 4, wherein said first and second 
conveyor pairs share a common conveyor. 

6. The apparatus as claimed in Claim 4, wherein said first and second 
conveyor pairs comprise four separate convqrors. 
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9 . An apparatus for approximating at least one spacial coordinate of the center 
of gravity of a package when located at a measuring site, comprising: 

a herringbone conveyor configured for urging said package from a first remote 
location to said measuring site, such that the center of gravity of said package is situated 
approximate the centerline of said heningbone conveyor when positioned in said measuring 



site. 



measuring means for measuring the distance between two substantially parallel 
sides of said package relative to said centerline, such that the package width and the 
locarion of the package's center of gravity along the width of said package is can be 
determined. 

10. An apparatus for determining at least two outside dimensions of a 
rectangular package traveUng at a known velocity, said package including first and second 
substantially paraDel sides extending the length of said package, said apparatus comprising; 

conveyor means for moving a package at said velocity along a path from a first to a 
second location; 

first side sensor means for sensing the presence of said package's first side and the 
distance of said first side relative to a reference point; 

second side sensor means for sensing the distance of said second package's second 
side relative to a second reference point, said second reference point being at a known 
distance relative to said reference point; and 

calculating means for determining the width of said package by use of said first and 
second side sensors and for also determining the length of said package by detennining the 
distance traveled by said package between the point at which said first sensor senses the 
presence of said package to the point at which said first sensor no longer senses the side of 
said package. 
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